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^HVbstract: Covariant form of equation of motion for arbitrarily shaped particle in the electromagnetic radiation 
C&eld is presented. Equation of motion in the proper frame of the particle uses the radiation pressure cross section 
^— n x 3 matrix. The obtained equation of motion is compared with known result. 

, ^ ..- Introduction 

if-Dealing with motion of real dust particles in the Universe, it may be important to consider action of electro- 
magnetic radiation. Usage of correct equation of motion is inevitable, in that case. 

' .J^oynting-Robertson effect (Robertson 1937) was used for several decades as a model equation of motion. How- 
J^ever, since 1994 (Klacka 1994) equations of motion for real, arbitrarily shaped, particle were presented. The 
^vinost complete form was presented in Klacka (2000a) - covariant form of equation of motion. Later on, approx- 
^ — imations to the first order in v/c (v - velocity of the particle with respect to the source of radiation, c - speed 
[""""of light) for dust particles were presented: Klacka (2000b), Klacka and Kocifaj (2001). Application to larger 
Q?>odies may be found in Klacka (2000c). 

f^This paper presents covariant equation of motion of the particle in the electromagnetic radiation field for a little 
^jjifferent initial formulation. It is supposed that interaction between the particle and electromagnetic radiation 
Qjs expressed in term of radiation pressure cross section matrix. 
I ' 

$■$ ., Formulation of the problem 

*JLet the equation of motion of a particle in the electromagnetic radiation field is expressed in the form 
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in the proper frame of the particle; S' is the flux density of the radiation energy, C is pressure cross section 3 

x 3 matrix, S' { is unit vector of the incident radiation, r is proper time, c is the speed of light. 

We are interested in deriving equation of motion of the particle in the rest frame of the source: the particle 

moves with instantaneous velocity v with respect to the source, the unit vector of the incident radiation is Si 
and other physical quantities measured in the rest frame of the source are also unprimcd. 

3. Reformulation of the initial equation of motion 

Let the components of the pressure cross section C" 3 x 3 matrix are given in a basis of orthonormal vectors 

e hl' e h2' e h3' 

Let us define a new orthonormal basis of vectors S^, e' 1; e' 2 - We may write 

fe=i fc=i fe=i 



Using Eqs. (2) we have 

cs; = EE c 'ki s ^ k ■ ( 3 ) 

fe=i 1=1 

On the basis of Eqs. (2) we can write 

e L = s 'k s i + Pk e 'i + Qk e 2 , k = 1,2,3. (4) 

Putting Eqs. (4) into Eq. (3) we obtain 
3 3 , 

c ' s'i = E E c 'u < ( s '^i + ^ + ^4 
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= (E E ^ 4 4) I + (E E c 'h WU + IEE c ^ 4 ai) 4 • (5) 
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On the basis of Eq. (5) we can rewrite the first of Eqs. (1) to the form 

% = \S' Us7 C Si\ 5l + fef C if) el + (ef C if) e\ X . (6) 



4. Covariant form of equation of motion 

Comparison of our Eq. (6) with Eq. (7) in Klacka (2000a) enables immediately write covariant form of equation 
of motion, on the basis of Eq. (28) in Klacka (2000a): 
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where p^ = m u M , u M = (7 c, 7 y), w — 7 (1 — v ■ Si / c), 6f = (1 / w, Si / w), W = (1 / Wj,€j / Wj), 
Wj =7 (1 - v-ej I c). 

5. Conclusion 

We have obtained covariant equation of motion for the particle moving in electromagnetic radiation field. 

We have supposed that interaction between the particle and electromagnetic radiation is described by radiation 
pressure cross section C" 3 x 3 matrix. Simple transformations reduce this mathematical form of description 
to that presented in Klacka (2000a). This has enabled to write final Eq. (7). 
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